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(54) Additives enhancing topical actions of therapeutic agents 

(57) Composition and method for enhancing thera- 
peutic effects of topically applied agents are disclosed. 
The cosmetic or therapeutic composition may include 
one or wore of cosmetic or pharmaceutical agents 
present in a total amount of from 0.01 to 40 percent and 
one or more of hydroxycartxxxylic acids or related com- 
pounds present in a total amount of from 0.01 to 99 per- 
cent by weight of the total oonposition. The cosmetic 
and pharmaceutical agents may include but not limited 
to age spots, wrinMes and keratoses removing agents; 
vitamins; aloes; sun saeens; tanning, depigmenting 
and shampooing agents; antiyeasts; antifungal, anti- 
bacterial and antiviral agents; topical bronchial dilators 
and topical cardiovascular agents; hormonal agents; 
vasodilators; retinoids and other dermatological agents. 
The hydroxycartx>xylic acids and related compounds 
include organic alpha and beta hydroxycartxsxylic acids, 
alpha and beta ketocartxMylic acids and salts thereof. 
Topical application of the cosmetic or therapeutic com- 
position has been found to achieve a substantial 
increase in cosmetic or therapeutic effect of the active 
ingredient in humans and domesticated animals. 
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Description 

The following disclosure contains a correct and a full description of the invention and of the best mode known to the 
inventors of taking advantage of the same. 
5 This invention relates generally to method and composition containing hydroxyacid or related compound for 
enhancing therapeutic effects of cosmetic or pharmaceutical agent. As will be subsequently described In detail, we ini- 
tially discovered that alpha hydroxy or keto acids and their derivatives were effective in the topical treatment of disease 
conditions such as dry skin, ichth^s, eczema, palmar and plantar hyperkeratoses, dandruff, acne and warts. 

We have now discovered that hydroxyadds or related compounds wherein incorporated into a therapeutic compo- 
10 sition can substantially enhance topical effects of cosmetic and pharmaceutical agents. 

In our prior US. Patent No. 3.879.537 entitled "Treatment of Ichthyosiform Dermatoes" we described and claimed 
the use of certain alpha hydroxy adds, alpha keto acids and related compounds for topical treatment of fish-scale like 
ichthyotic conditions in humans. In our U.S. Patent No. 3.920,835 entitled "Treatment of Disturbed Keratinization" we 
desaibed and daimed the use of these certain alpha hydroxy acids, alpha keto adds and their derivatives for topical 
IS treatment of dandruff, acne, and palmar and plantar hyperkeratosis. 

In our prior U.S. Patent No. 4,105,783 entitled "Treatment of Dry Skin: we described and daimed the use of alpha 
hydroxy acids, alpha keto acids and their derivatives for topical treatment of dry skin. In our recent U.S. Patent (sk>. 
4,246.261 entitled "Additives Enhandng Topical Cortkx>sterokJ Action" we described and daimed that alpha hydroxy 
acids, alpha keto acids and their derivatives. In small amounts could greatly enhance the therapeutic efficacy of corti- 
20 costerolds In topical treatment of psoriasis, eczema, seborrheic dermatitis and other inflammatory skin conditior^. 

In our more recent U.S. Patent No. 4,363,815 entitled "Alpha Hydroxy acids, Alpha Keto acids and Their Use in 
Treating Skin Conditions: we described and daimed tiiat alpha hydroxy acids and alpha keto ackJs related to or origi- 
nating from amino ackte, whether or not found in proteins, were effective in topical treatment of skin disaders associ- 
ated with disturbed keratinization or inflammation. These skin disorders indude dry skin, ichthyosis, palmar and plantar 
25 hyperkeratosis, dandruff, Dariei^ disease, lichen simplex chronicus, keratoses, acne, psoriasis, eczema, pruritus and 
possibly warts and herpes. 

In our most recent U.S. Patent No. 4,518,789 entitled "Phenyl Alpha-Acyloxyacetamkle Derivatives and Their Ther- 
apeutic Use" we described and claimed tiiat phenyl alpha acyloxyacetamide derivatives in topical or systemic adminis- 
tration were useful and effective for pruritus, atopic dermatitis, eczema, psoriasis, acne, dry skin, dandruff, malodors of 
30 integumental areas, various aches, pains and discomforts of skin, joints and ottier body parts in humans and domestic 
animals. 

The intact skin of humans Is a very effective banier to many natural and synthetic substances. Cosmetk: and phar- 
maceutical agents may be pharmacologically effective by systemic administration, but many of them are rwch less or 
totally ineffective on topical application to tiie skin. Topical effectiveness of a pharmaceutical agent depends on two 

35 major factors a) Percutaneous at>sorption and penetration b) Bioavailability of the penetrated pharmaceutical agent to 
the target site in tiie skin. To be tiierapeutically effective as a topical agent a pharmaceutical drug must penetrate tiie 
stratum corneum into the epUemnal layers, distributed and bk)available to the target s'rtes for pharmacok>gic action. 
Many pharmacologic agents can readily penetrate the skin but they are not bioavailable to the target sites In the skin, 
therefore therapeutic effect is minimal and ineffective. 

40 It has now been discovered tiiat hydroxyackJs and related compounds including those described or not described 
in oar previous patents and additional compounds can substantially enhance tiie therapeutic efficacy of cosmetic and 
phanmaceutical agents In toptcal treatment of cosmetic conditions, demnatologic disorders or other afflictions. Cosmetic 
and pharmaceutical agents may indude any chemical substances natural or synthetic, intended for topical application 
to tiie skin or its appendages in human and animals. Some examples of cosmetic and pharmaceutical agents indude 

45 age spots and keratoses removing agents, analgesics, anesthetics, antiacne agents, antibacterials, antiyeast agents, 
antifungal agents, antiviral agents, antiburn agents, antidandruff agents, antidermatitis agents, antipruritic agents, anti- 
perspirants, antiinflanvnatory agents, antihyperkeratolytic agents, antidryskin agents, antipsoriatic agents, antisebor- 
rheic agents, astringents, softeners, emollient agents, coal tar. batti dls. sulfur, rinse conditioners, foot care agents, 
fungiddes, hair growth promoters, hair removers, keratolytic agents, moisturizer agents, powder, shampoos, skin 

so bleaches, skin protectants, soaps, cleansers, antiaging agents, sunscreen agents, wart renfx>vers, wet dressings, vita- 
mins, tanning agents, topical antihistamin agents, honnones, vasodilators, retinoids, bronchial dilators, topical cardio- 
vascular agents and other denratotogicals. 

The enhandng conpounds of the instant invention are hydroxycartx>xylic acids and related compounds. There are 
tivee groups of such hydroxyadds. The first is hydroxymonocartxMylic acids having the following chemical structure: 

ss 

R^(CR20HUCH2)„COOH 

wherein 
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Ri . R2 alkyl. aralkyl or aryl group of saturated or unsaturated, straight or branched chain or cyclic form, having 

1 to 25 cartx)n atoms. 

m=1.2. 3. 4. 5, 6, 7, 8 or 9 

nsO or a numerical nunlber up to 23 

5 

When nsO and mal or more, the hydroxymonocartx)xylic add is also called aldonic acid. The name comes from a car- 
bohydrate, aldose, which may be oxidized to aldonic add by the oxidation of the aldehyde group in aldose to the car- 

boyxlic group. 

The hydroxymonocarboxylic acid may be present as a free acid, lactone, or salt form. The lactone form could be 
10 either inter or intramolecular lactone, however, most common ones are intramolecular lactones with a ring structure 
formed by elimination of one or more water molecules between a hydroxy group and the carboxylic group. Since the 
hydroxymonocarboxylic acids are organic in nature, they may form a salt or a complex with an inorganic or organic base 
such as ammonium hydroxide, sodium or potassium hydroxide, or triethanolamina 

The hydroxymonocarboxylic add and its related compounds may also exist as stereoisomers such as D. L. and DL 
IS forms. 

The typical alkyl. aralkyi and aryl groups for Ri and R2 indude methyl, ethyl, prof^, isopropyl, benzyl and phenyl. 
The hydrogen atoms of the Ri and R2 and (Chyn rriay be substituted by a nonfunctional element such as F. CI. Br. I, S 
or a radical such as a lower alkyl or alKoxy, saturated or unsaturated, having 1 to 9 carbon atoms. Representative 
hydroxymonocarboxylic adds are listed below: 

20 

I . 2-Hydroxyacetic acid (Glycdic acid) 
R^bH, R2=H, mol,n=0 

2. 2- Hydroxypropanoic add (Lactic add) 
R10CH3, R2=H, moi, noO 

25 3. 2*Methyl 2-hydroxypropanoic acid (Methyllactic add) 
Ri^CHa, R2=CH3. mal, n=0 

4. 2-Hydroxybutandc add 
Ri "CaHs, F^«H, mal , n=0 

5. Phenyl 2-hydroxyacetic add (Mandellc add) 
so RiaCeHg, R2=H, m=1. n»0 

6. Phenyl 2-methyl 2-hydrQxyac6tlc acid (Atrolactic add) 
R^oCeHs. R2»CH3. m=1, n=0 

7. 3- Phenyl 2-hydroxypropanoic acid (Phenyllactic add) 
Ri ^CeHs. R2=H, m=1 , n=1 

35 8. 2.3-DihydrQxypropandc add (Glyceric acid) 

RibH, R2=H, mo2, n=0 

9. 2. 3. 4-Trihydroxybutanoic add 

R^sH. R28H, ms3. nsO 

1 0. 2. 3. 4. S-Tetrahydroxypentandc add 
40 Ri=H. R2=H.m=4, n=0 

II. 2,3.4. 5. 6-Pentahydroxyhenxanoic acid 
RibH. R2=H, m=5, n=0 

12. 2- Hydroxydodecanoic add (alpha hydroxylauric acid) 
Rt=CioH2i. R2=H, mal, noO 

45 13. 2, 3, 4, 5. 6. 7-Hexahydroxyheptandc add 
Ri=H. R2=H. m=6. n«0 

14. DIphenyl 2-hydroKyac6tlc acid (benzilic acid) 
RtoQeHs. RaaCgHs. mal, noO 
1 5. 4-Hydroxymandelic add 
so Ri=C6H4(OK0. R2«H. mal . n=0 

1 6. 4- Chloromandelic add 
Ri8C6H4(CI). R2=H. m=1. n=0 

17. 3- Hydroxybutanoic add 
Ri=CH3, R2=H, mal, n»1 

ss 18. 4-Hydroxybutarx)ic add 
Ri=H, R2=H, msa. n=2 
1 9. 2-Hydroxyhexanoic add 
Ri =C4H9, R2=H, m=1 , n=0 

20. 5- Hydroxydodecanolc add 
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21 . 12-HydrQxydodecanoic add 
Ri=H, R2«H. m=1,n=10 
22. 10-Hydroxydecanoic add 
5 R^oH, R2=K m»1, n«8 

23. 16-Hydroxyhexadecandc add 
RibH, RgaH, m«1, na14 

24. 2- Hydroxy-3-methylbutandcadd 
Ri=C3H7, R2=H. msl, n=0 

10 25. 2-Hydroxy-4-methylpentanoic add 
RtBC4H9. R2»H, m»1, n-0 

26. 3- HydrQxy-4-rn6thoKymandelic add 
Ri^CgHa (OH) (OCH3). R2«H m«1 , n=:0 
27. 4-Hydroxy-3-m6thQxymandelic add 

15 Ri=C6H3(OH)(OCH3),R2=Km=1.naO 

28. 2- Hydroxy-2-methylbutandcadd 
Ri=C2H5. R2=CH3, m«1. n«0 

29. 3- (2-Hydroxyphenyl) lactic add 
Ri«C6H4(OH) CH2. R2»H. m=1, n=0 

20 30. 3-(4-Hydroxyphenyl) lactic add 
Ri-C6H4(OH) CH2, f^H, m«1. noO 
31. Hexahydromandellcadd 
Ri sCeHi t . R2=H. m»1 . n«0 

32. 3- Hydroxy-3-methylpentanoic add 
25 Ri =C2H5, R2-CH3, m-1 , n»1 

33. 4- Hydroxydecandcadd 
Ri^CgHis. F^«H, m-1. n-2 
34. 5-Hydroxydecandc add 
Ri^CsHn. R2«H, m-1, n-3 

30 35. Aleuritic acid 

Ri»C6Hi2(OH), R2-H. m-2, no? 

The linear lactic add pdymer Is an internrK>lecular lactone formed by elimination of one water molecule between 
the hydroxy group of one molecule of lactic acid and the carboxyiic group of a second molecule of lactic add. The com- 

35 mon linear lactic add polymer may contain 3 lactic acid units. 

Ribonic acid is one of the stereoisomers of 2, 3. 4. 5-tetrahydroxypentanoic add. and the conresponding lactone is 
ribonolactone. Gluconic add, galactonic acid, gulonic add and mannonic acid are typical 2, 3, 4, 5, 6-pentahydroxyhex- 
anoic acids and their corresponding lactones are gluconolactone, galactonolactone, gulonolactone and mannonolac- 
tone respectively. Tlie related compounds of hydroxymonocai1x>xylic acids are ketomonocart)Oxylic acids which are 

40 formed from the former by a oxidation reaction or in vivo by a dehydrogenase enzyme. For example, 2-ketopropanoic 
acid (pyruvic acid) and 2-hydroxypropanoic acid (lactic add) are converted to each other In vivo by the enzyme, lactate 
dehydrogenase. Although pure pyruvic add (liquid form) can be kept in a refrigerator for an extended period of time a 
composition containing pyruvic acid for topical use is not very stable at an elevated temperature. Therefore^ for practical 
purposes pyruvic add esters are used instead. 

45 The representative esters are methyl pyruvate, ethyl pyruvate, propyl pyruvate and isopropyl pyruvate. Other rep- 
resentative ketomonocarboxylic adds and their esters are phenyl pyruvic acid and its esters such as methyl phenyl 
pyruvate, ethyl phenyl pyruvate and propyl phenyl pyruvate; formyl formic add (2-ketoacetic acid) and its esters such 
as methyl, ethyl and propyl formyl formate; benzoyl formic acid and its esters such as methyl, ethyl and propyl benzoyl 
formate; 4-hydrQxybenzoylformic acid and its esters; 4-hydroxypnenylpyruvic add and its esters; 2-hydroxyphenylpyru- 

50 vie add and its esters. 

Many hydroxy or ketomonocarboxylic acids are structurally related to amino adds either naturally occurring in pro- 
teins or not. For example alanine and pyruvic add are irrterconverted to each other in vivo by an enzyme alanine dehy- 
drogenase or alanine ketoglutarate transaminase. As mentioned earlier pyruvic acid and lactic acid are Interconverted 
to each other In vivo by the enzyme lactate dehydrogenase. Therefore, alanine, pyruvic add and lactic add are chem- 
55 ically related in that the amino group of alanine may be converted to the keto group of pyruvic acid or the hydroxy group 
of lactic add. The same relationships may apply to formyl formic acid and glycolic acid to glycine; hydroxpyruvic add 
and glyceric acid to serine; phenyl pyruvic acid and phenyl lactic acid to phenylalanine; 2-keto- and 2-hydroxy-4 (meth- 
ylthio) butanoic acids to methionine. 

The second kind of hydroxyadd is hydroxydicarboxylic acid having the following chemical structure: 
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(CH2)„C00H 

g (CHOH)jjjCOOH 
wherein 

10 m-1.2, 3,4, 5.6,7, 8or9 

nsO or a numerical number ip to 23 

The hydroxydicarboxyllc add may also be present as a free acid, lactone or salt form. The lactone form could be 
either inter or intramolecular lactone. However, the common lactone is an intramolecular lactone with a ring structure 
IS formed by elimination of one or more water molecule between a hydroxy group and one of the cart>oxylic groups. Since 
the hydroxydicartsoxylic add is organic in nature. It may form a salt or a complex with an inorganic or organic base such 
as ammonium hydroxida sodium or potassium hydroxide, or triethanotanuna 

The hydroxydicart>oxyiic acid and its related conpounds may also exist as stereoisomers such as D. U DL and 
meso forms. 

20 The hydrogen atom attached to the cart>on atom may be substituted by a nonfunctional element such as F. Q. Br. 
I, S or a radical such as a lower alkyi or alkoxy of saturated or unsaturated, having 1 to 9 carton atoms. 

When n^O and m^l or more, the hydroxydicarboxylic acid is also called aldaric add. The name comes from the car- 
bohydrate, and the common ones are saccharic acid and galactaric add. Representative hydroxydicarboxylic acids are 
listed below: 

25 

1 . 2-Hydroxypropanedioic add (Tartronic add) 
mal.noO 

2. 2-Hydroxyt)utanedloic acid (Malic acid) 
mai, no1 

30 3. Erythraric acid and Threaric add (Tartaric acid) 
ms2, nsO 

4. Arabiraric add. Ribaric add. Xylaric add and Lyxaric add 
m=3. naO 

5. Gucaric add (saccharic acid). Galactaric add (Mudc acid), Mannaric add. Gularic acid. Allaric acid. Altraric 
35 add, Idaric add and Talaric add 

ma4, n»0 

Commercially available saccharolactone (D-saccharic acid 1. 4-lactone) is an intramolecular lactone formed by 
elimination of one water molecule between the hydroxy group at position 4 and the cartx)xylic group at position 1 . 
40 The third type of hydroxyacid is a miscellaneous group of compounds which is not readily represented by the above 
generic structure of eitiier the first type or the second type. Induded in the third type of hydroxyacids are the following: 
Hydroxycariaoxylic acid of 

R(OH)„(CX)OH)„ 

45 

Wherein 
m.n = 1,2.3.4.5,6.7.8.a9 

RbH. alkyl. aralkyi or aryl group of saturated or unsaturated, straight or branched chain or cydic form, having 1 to 
so 25 cart)on atoms. 

citric add. isocitric add. citramalic acid, agaridc acid (n>hexadecyldtric acid), quinic acid, uronic adds including 
glucuronic acid, glucuronolactone, galacturonic add. galacturonolactone, hydroxypyruvic acid, hydroxypyruvic acid 
phosphate, ascorbic acid, dihydroascorbic add. dihydroxytartaric acid. 2-hydroxy-2-methylbutandc acid, 1 -hydroxy- 1- 
65 cydopropane cartxixylic add, 2-hydroxyhexanedial, 5-hydroxylysine, 3-hydroxy-2*aminopentanoic acid, tropic acid, 4- 
hydroxy-2. 2-diphenytt)utanoic acid. 3-hydroxy-3-methylglutaric add. and 4-hydrQxy-3-pentenoic acid. 

The third type of hydroxyacid may also be present as a free add, lactone or salt fbmi. The lactone form could be 
either an inter or intramolecular lactone, however, most common are intramolecular lactones with a ring structure. Com- 
monly known glucuronolactone is a r-lactone l.e. 1 .4-lactone of intramolecular type. 
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The hydroxyacid of the third type may also exist as stereoisomers such as D. L, DL and meso forms. The hydrogen 
atom attached to the cartxMi atom may k>e substituted by a nonfunctional element such as F, Q. Br, I. S or a radical such 
as a lower alkyi or alkoxy of saturated or unsaturated, having 1 to 9 cart>on atoms. 

Any hydroxyacid and related compound of the above three kinds may be used as an additive in a combination com- 
position to enhance the percutaneous penetration or the therapeutic efficacy of cosmetic and pharmaceutical agents. 
The cosmetic and pharmaceutical agents may include but not limited to: age spots and keratoses removing agents, 
vitamins, aloes, retinoids, sun screens; tanning, depigmenting and shampooing agents; antiperspirants, antiyeaste, 
antifungal, antibacterial and antiviral agents; topical bronchial dilators; topical cardiovascular agents; keratoses, age 
spots and wrinkles removal agents, hair growth promoting agents and other dermatological agents. 

Hydroxyaclds and related compounds may also be used alone in the prophylactic and therapeutic treatment of cos- 
metic conditions or dermatologic disorders characterized by disturbed keratinizatton, aging, lipid metabolism or inflam- 
mation. The representative hydroxyacids are listed below: 

citramalic acid, tropic acid, benzilic ackJ, ribonic acid and ribonolactone, gulonic acid and gulonolactone. 2.3,4-tri- 
hydroxybutanoic acid, 2,3,4.5-telrahydrQxypentanoic add. 2,3,4.5.6-pentahydroxyhexanoic acid. 2-hydroxylauric add. 
2.3.4.5,6.7-hexahydroxyheptanoic acid, aleuritic acid. 4-hydraxymandelic add. 4-chloromandelic add. 2-hydroxy-3- 
methylbutandc add, 2-hydroxy-4-methylpentanoic acid, 3-hydroxy-3-methylbutanoic acid, 2-hydroxy-4-methylpenta- 
noic acid. 3-hydroxy-4-methoxymandelic add, 4-hydroxy-3-methoxymandelic acid, 3-(2-hydroxyphenyl) lactic acid, 3- 
(4-hydroxyphenyl) lactic add, hexahydromandelic add, 3-hydrQxy-3-methylpentanoic acid. 1-hydroxy-1-cydopropane 
carboxylic acW, 4-hydrQxybutanoic add, 2-hydroxyhexanoic add, S-hydroxylauric ackj. 1 2-hydroxylauric acW. 10- 
hydroxydecanoic add. lO-hydroxyhexadecanote add. 4-hydroxydecanoic add, 5-hydroxydecanoic add, and 4-hydraxy- 
2, 2-diphenyIbutanoic add. 

In the present invention, the following aspects are intfinalia prefen^ed: 

a. A method for enhandng the therapeutic effect of a composition comprising a cosmelfe or pharmaceutical agent 
in a phamiaceutlcally acceptable vehide fbr topical application to the skin of humans or animals comprising: 

admixing with sakJ composition an enhancing effective amount of at least one member selected from the group 
consisting of hydroxycarboxytic add and related ketocarboxylk; acid and ester, lactone or salt forms thereof. 

b. TTie method as described In a. wherein said cosmette or pharmaceutical agent is a member selected from the 
group consisting of age spots, wrinkles and keratoses removing agents; analgesics, anesthetics, antiacne agents, 
antibacterials. antiyeasts. antifungals, antivirals; antiburn. antidandruff, antkJermatitis. antipruritic, antiperspirant. 
antiinflammatory, antiaging, antihyperkeratolytic. antidryskin, antipsoriasis, antiseborrhea, astringent agents; sWn 
softeners and emollients; coal tar. bath oils, sulfur, rinse conditioners; hair growth and hair removing agents; kera- 
tolytics. moisturizers, powders, shanpoos, skin bleaches, skin protectants, soaps, deansers, sunscreens, wart 
removers, vitamins, tanning agents; topical antihistamlns, hormones, retinoids, vasodilators, bronchial dilators, top- 
ical cardiovasculars and demiatologicals. 

c. The method as described In a. wherein said cosmetic or pharmaceutical agent is a member selected from the 
group consisted of: aloe; 9-amlnoacrUine; PABA and its esters, acyclovir, amphoteridns; benzoyl peroxkle; din- 
damycin, chloramphenicol; clotrimazole, candicidin; aomolyn, dindamycin, aolamiton. coal tar; doxycydine; dipy- 
ridamole, dioxybenzone, diazoxide, diphenylhydantoin; ephedrine, erythromydn; fluorouradl. flucytosine; 
gentamidn, griseofulvin, gramickJin; halothane, hydroquinone and its monomethyl and benzyl ethers; haloprogin, 
hydralazine; kJoxuridine, kanamydn. ketoconazole. Udocaine. miconazole, metronidazole, minoxkiil. minocydine, 
medocydine. metronidazole, nitroglycerine, nystatin, neomydn, oxybenzone, oxytetracycline. procaine, polymyx- 
ins, povidone-iodine, phenytoin. prazosin, retinoic add and other retinoids, spironolactone, suHbnamides, suHacy- 
tosine, spectinomydn. sulfamethoxazole, sutfisoxazoies. suKamethizole. salicylic acid, selenium sulfkie. sulfur, 
theophylline, tobramydn, tetracydine. tolnaflate. trimethoprin. troleandomydn. vitamins, vancomydn and zinc 
pyrithlone. 

d. The method as described in a. wherein said hydroxycarboxylic add is hycfroxymonocarboxylic add having the 
following chemical structural formula: 

Ri(CR20H)m(CH2)nCOOH 

wherein 

, n^H, alkyl. aralkyi or aryt group of saturated or unsaturated, straight or branched chain or cydic form, hav- 
ing 1 to 25 carbon atoms. 
m»1 ,2,3,4,5,6,7,8 or 9 
nsO or a numerical number up to 23 
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present as free add. lactone or salt form, ard as optically active or inactive isomer such as D. U and DL forms; the 
hydrogen atom attached to the cartx>n atom may be substituted by a nonfunctional F. CI. Br. I. or S atom or a lower 
alkyi or alkoxy saturated or unsaturated radical, having 1 to 9 carbon atoms. 

e. The method as described In d. wherein said hydrQxynrx>nocartx>xylic acid is a member selected from the group 
consisted of 2-hydroxyacetic add; 2-hydroxypropanoic acid; 2-methyl 2-hydroxypropanoic acid; 2-hydroxybutanoic 
acid; phenyl 2-hydrQxyacetic add; phenyl 2-methyl 2-hydroxyacetic acid; 3-phenyl 2-hydroxypropanoic add; 2.3- 
dihydroxypropanotc add; 2.3.4-trih)droxybutanoic add; 2,3.4.5-tetrahydroxypentanoic acid; 2.3.4.5,6-pentahydrox- 
yhexanoic add; 2-hydroxydodecanoic add; 2.3.4.5.6.7-hexahydrGKyheptandc add; diphenyl 2-hydrQxyacetic add; 
4-hydroxynfmnde!ic add; 4-chloromandelic acid; 3-hydroxybutandc add; 4-hydroxybutandc add; 2-hydroxyhexa- 
nolc ackj; 5-hydroxydodecandc add; 12-hydroxydodecanoic add; 10-hydroxydecandc add; 16-hydroxyhexadeca- 
noic add; 2-hydroxy-3-methyfbutanoic add; 2-hydroxy-4-methylpentanoic add; 3-hydroxy-4-methoxymandeIic 
add; 4-hydrQxy-3-methoxymarxlelic add; 2-hydroxy-2-methytbutanoic add; 3-(2-hydroxypheny1) lactic add; 3-(4- 
hydroxyphenyO lactic add; hexahydromandelic add; 3-hydroxy-3-methylpentanoic add; 4-hydro9cydecanoic add; 5- 
hydro)^6canoic add; aleuritic add. 

f. The method as described in d. wherein said hydroxymonocartsoxylic acid is a member derived from an amino acid 
by substituting the amno group with a hydroxy group. 

g. The method as described in d. wherein said lactone is an intennolecular or intramolecular lactone induding lin- 
ear add polymer, ribonolactone. gluconolactone, galadondactone. gulonolactone and mannonolactone. 

h. The method as described in a. wherein said compound is a keto or hydroxyketomonocartx)xylic acid selected 
from the group consisting of pyruvic add. hydroxypyruvic add, hydroxypyruvic acid phosphate, methyl pyruvate, 
ethyl pyruvate, propyl pyruvate, isopropyl pyruvate, phenyl pyruvic add. methyl phenyl pyruvate, ethyl phenyl pyru- 
vate, propyl phenyl pyruvate; formyl formic add. methyl tormyl formate, ethyl formyl formate, propyl formyl formate, 
benzoyl formic add. methyl benzoyl formate, ethyl benzoyl formate, propyl benzoyl formate, 4-hydroxybenzoyl for- 
mic add. 4-hydroxyphenyl pyruvic add. and 2-hydroxyphenyl pyruvic add. 

i. The method as described in a. wherein said compound is a hydroxydicarboxylic add having the following chem- 
ical structural formula: 



m=1,2.3,4.5.6.7,8.or9 

nsO or a numerical number up to 23 

present as free add. lactone or salt form, and as optically active or inactive D. L. and meso isomer; hydrogen atom 
attached to the carbon atom may be substituted by a nonfundional F. CI, Br. I, or 8 atom or a lower alM or alkoxy 
saturated or unsaturated radical, having 1 to 9 cart>on atoms. 

j. The method as described in i. wherein said hydroxydicart)oxylic acid is a member selected from the group con- 
sisted of 2-hydroxypropanedioic add; 2-hydroxybutanedioic acid; erythraric acid; threaric add; arat)iraric acid; rib- 
aric add; xytaric add: lyxaric add; glucaric acid; galactaric acid; mannaric add; gularic ackl; allaric acid; altraric 
add; idaric add; talaric add: 2-hydrcKy-2-methylbutanedioic add. 

k. The method as described in i. wherein said hydroxydicartxsxylic add is a member derived from an amino add by 
sut^ituting the amlTK) group with a hydroxy group. 

1. The method as desaibed In i. wherein said lactone is an intermolecular or intra molecular lactone induding sac- 
charic add, 1,4-lactone. 

m. A method for enhandng the therapeutic effect of a composition comprising a cosmetic or pharmaceutical agent 
in a pharmaceutically acceptable vehide for topical application to the skin of humans or animals comprising: 

admixing with sakJ composition an enhandng effective amount of at least one member selected from the group 
consisting of 

HydroxycarboxyOc add of 




wherein 



R(OH)^(COOH)„ 
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Wherein 
m.nB 1,2,3.4,5,6,7,8 or 9 

R=H. all^, aralkyi or aryl groMp of saturated or unsaturated, straight or branched chain or cyclic form, having 
1 to25caffoonatom6. 

citric acid, tsodtric acid, agaricic acid, quinic acid, citramalic acid, glucuronic acid, glucuronolactone. galac- 
turonic add, galacturonolactone, uronic adds, uronolactones, ascorbic acid, dihydroascorbic acid, dihydroxytar- 
taric acid, 1-hydroxy-1-cyclopropanecarboxylic acid, 2-hydroxyhexanedial, 5-hydroxylysine, 3-hydroxy-2- 
arhinopentanoic add. 4-hyldroxy-3-pentenoic acid, tropic acid, 4-hydroxy-2. 2-diphenylbutanoic acid, and 3- 
hydroxy-3-methylglutaric acid and ester, lactone or salt forms thereof, and as an optically active or inactive D, L, DL 
or meso isomer; the hydrogen atom attached to the carbon atom may be substituted by a nonfunctional F, CI. Br, I 
or S atom or a lower alkyi or alkoxy saturated or unsaturated radical having 1 to 9 carbon atoms, 
n. The method as described In m. wherein the lactone is an inter or intramolecular lactone, 
o, A therapeutic composition effective against sWn conditions and disorders comprising an effective amount of at 
least one compound selected from the group consisting of: 

Citramalic add, Diphenyl 2-hydroxyacetic add (benzilic acid), 2-phenyl 3-hydroxypropanoic add (tropic acid), 
aleuritic acid, ribonic add. ribondoactone, 2,3,4-trihydroxybutanoic acid. 2.3.4.5-tetrahydroxypentanoic add, 
2,3,4,5,6-pentahydroxyhexanoic add, 2-hydroxylaurlc add. 2,3,4.5,6,7-hexahydroxyheptanoic add. 4-hydroxy- 
mandelic acid, 4-chIoromandelic acid, 2-hydroxy-3-methylbutanoic acid, 2-hydroxy-4-methylpentanolc acid. 3- 
hydraxy-4-methoxymandelic add, 4-hydroxy-3-methQxymandelic add. 3-{3-hyroxphenyO lactic add. 3-{4-hydroxy- 
phenyl) lactic acid, hexahydromandelicadd. 3-hydroxy-3-metiiylpentanoic acid, 1-hydroxy-1-cydopropane carbox- 
ylic acW, 4-hydroxybutanoic add. 2-hydroxyhexanoic add. 5-hydroxylauric acid, 12-hydroxylauric acid, 10- 
hydroxydecanoic add, 16-hydroxyhexadecandc acid, 4-hydroxydecanoic acid, 5-hydroxydecanoic add, and 4- 
hydroxy-2, 2-dipheny!butanoic acid as a free add or salt form in a pharmaceutically or cosmetically acceptable 
vehide. 

p. The composition as described in a wherein said skin conditions and disorders include dry skin, dandruff, kera- 
toses. age spots, warts, acne, oily skin, eczema, psoriasis. wrinMes. inflammatory and pruritic skin, and disturbed 
keratinization. 

q. A method for alleviating tiie symptoms of skin conditions and disorders comprising the topical application of a 
therapeutic effective amount of at least one compound selected from the group consisting of: 

Diphenyl 2-hydroxyacetic acid (benzilic add). 2-phenyl 3-hydroxypropanoic add (tropic ackQ. aleuritic add. 
ribonic acid, ribonoloactone, 2,3,4-trihydroxybutanoic acW, 2,3.4.5-tetrahydroxypentanoic ackJ, 2,3,4.5,6-pentahy- 
droxyhexanoic add, 2-hydroxylauricacid. 2,3,4,5.6,7-hexahydroxyheptanoic acid, 4-hydroxymanderic add, 4-chlo- 
romandelic ackJ. 2-hydroxy-3-methylbutandc add, 2-hydroxy-4-methylpentanolc ackJ. 3-hydroxy-4- 
methoxymandelic add, 4-hydroxy-3-mettioxymandellc acid. 3-(2-hydroxphenyi) lactic add, citramalic acki. 3-(4- 
hydroxyphenyO lactic add. hexahydromandelic add. 3-hydroxy-3-mettiylpentanofc add. 1-hydroxy-1-cydopropane 
cariDOxylic add. 4-hydroxybutanoic add. 2-hydroxyhexanoic ackJ. 5-hydroxylauric acid. 12-hydroxylauric acd, 10- 
hydroxydecanolc add, 16-hydroxyhexadecanok; acW, 4-hydroxydecanoic acid, 5-hydroxydecanoic ackJ. and 4- 
l^oxy-2. 2-diphenylbutanoic add as a free add or salt Ibrm In a pharmaceutically or cosmetically acceptable 
yehide. 

r. The method as described in q. wherein said skin conditions and disorders include dry skin, dandruff, keratoses, 
age spots, wrinkles, warts, acne, oily skin, eczema, psoriasis, inflammatory and pmritic skia and disturbed kerati- 
nization. 

s. An enhanced therapeutic composition effective against skin conditions and disorders comprising an effective 
amount of at least one member selected from the group consisting of hydroquinone and hydroquinone monoether 
including monomethyl and monobenzyl etiier and an enhancing effective amount of at least one member selected 
from the group consisting of hydroxycartxjxylic ackls and related ketocartx)xylic adds, and ester, lactone or salt 
form thereof, in a pharmaceutically acceptable vehicle for topical application to skin of human or animal body, 
t. The composition as described in s. wherein saki skin conditions and disorders include keratoses, age spots, wrin- 
kles, brownish spots, melasma, lentigines and other pigmented skin spots. 

u. The composition as described in s. wherein said adds and related compounds indude glycolic ackJ, benzilic 
ackJ. tropic acd. lactic add. malic add. dtrlc add, isodtric acd. citramalic add, tartronic acki. tartark; ackJ. gluconic 
ackJ. galactonic ackj, alpha hydroxyisobutyric acid, phenyllactic add, mandetic acki. atrolactic ackJ, gluconolac- 
tone, galactonolactone, ribonic add, ribonolactone, pantoic add, pantolactone, pantothenic add. alpha hydroxyt>u- 
tyric acid. Beta hydroxybutyric add. quinic add, pyruvic add, phenyl pyruvic ackJ, methyl pyruvate, ethyl pyruvate, 
ascortsic add. benzoyl fomiic acid, metiiyt benzoyl formate, and ethyl benzoyl fbrmata 
V. A mettiod for enhandng therapeutic effects of a composition of hydroquinone or its monoettier derivative in a 
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pharmaceutically acceptable vehicle comprising admixing therewith an enhancing effective anxiunt of at least one 
member selected from the group consisting of hydroxycarboxylic adds and related ketocaitx>xylic acids, and ester, 
lactone or salt forms thereof. 

w. The method as described in v. wherein said hydroxyadds and related compounds include glycolic add. benzilic 
acid, tropic acid, lactic add. malic add. dtric acid, isodtric acid, citramalic add. tartronic add. tartaric acid, gluconic 
acid, galactonic add. alpha hydroxyisobutyric acid, phenyllactic add, mandelic acid, atrolactic acid, gluconolac- 
tone. galactonolactone. ribonic add. ribonolactone, pantoic add. pantolactone. pantothenic add. alpha hydroxyku- 
tyric acid, beta hydroxykxityric add. quinic add. pyruvic acid, phenyl pyruvic add. methyl pyruvate, ethyl pyruvate, 
ascorbic acid, benzoyl formic acid, methyl benzoyl formate, ethyl benzoyl formate. 

x. A method for preventing hair loss and/or enhancing hair growth comprising the topical application of a combina- 
tion composition consisting of minoxidil or dipyridamole and an enhancing effective amount of at least one member 
selected from the group consisting of hydroxycarboxylic acids and related ketocart)oxylic adds, and ester, lactone 
or salt forms thereof pharmaceutically acceptable vehicle for topical application to skin of human or animal body 
y The method as described in x. wherein said hydroxycart)oxylic add or related compound is a member selected 
from ttie group consisted of lactic acid, glycolic acid, glucuronic add. gluconolactone. gluconic acid. 2-mettiyl 2- 
hydroxypropanoic add, mandelic acid, tropical acid, benzilic add. malic acid, tartaric add. citric add, tartronic add. 
pyruvic acid, methyl pyruvate, ethyl pyruvate, saccharic add. isocitric acid, agaridc acid, citramalic acid, aieuritic 
acid, mucic acid, galaturonic add. phenyllactic add. benzoylformic add. atrolactic add. galactonic acid, ascorbic 
acid, dihydroascorbic acid, pantoyllactone, gulonic acid, gulonolactone, pantoic acid, ribonic acid, ribonolactone. 3- 
hydroxybutanoic acid. 4-hydroxymandelic acid. 2-hydroxy-3H7iethylbutanoic acid. 3-hydroxy-4-metiioxymandelic 
add. 4-hydroxy-3-methQxymandelic add. 4-chloromanuelic acid. 2-hydroxy-4-methylpentanoic add, 2-hydroxy-2- 
methylbutanoic add. 3-(2-hydroxypheny1) tactic add. 3-(4-hydroxyphenyl) lactic acid and hexahydromandelic add. 
z. A therapeutic composition useful in preventing hairless and/or enhandng hairgrowtti comprising a combination 
composition consisting of an effective amount of minoxidil or dipyridamole aixi an enhandng effective amount of at 
least one member selected from the group consisting of hydroxycarixixylic acids and related ketocartxsxylic adds, 
and ester, lactone or salt forms thereof pharmaceutically acceptable vehicle for topical application to skin of human 
or animal body. 

aa. The conposition as described in z. wherein said hydroxycarboxylic acid or related compound is a member 
selected from the group consisted of lactic acid, glycolic add. glucuronic acid, gluconolactone. gluconic add. 2- 
methyl 2-hydroxypropanoic add, mandelic add. tropic add, benzilic acid, malic acid, tartaric acid, dtric acid, tar- 
tronic add, pyruvic add, methyl pyruvate, ethyl pyruvate, saccharic add, isocitric acid, agaricic add, citramalic add. 
aieuritic acid, nujdc add. galacturonic acid, phenyllactic add. benzoylformic add. at-olactic add, galactonic acid, 
ascorbic acid, dihydroascorbic acid, pantoyllactone. gulonic acid, gulonolactone. pantoic acid, ribonic acid, ribonol- 
actone, 3-hydrQxybutanoic add, 4-hydroxymandelic acid. 2-hydrQxy-3-methylbutanoic add, 3-hydroxy-4-methoxy- 
mandeiic acid. 4-hydroxy-3-methoxymandelic add. 4-chloromandelic add, 2-hydroxy-4-methylpentanoic acid, 2- 
hydroxy-2-methylbutanoic add, 3-(2-hydroxyphenyl) lactic add, 3-(4-hydrQxyphenyl) lactic acid and hexahydro- 
mandelic acid. 

bb. A therapeutic composition useful in preventing hair loss and/or enhandng hair growth comprising an effective 
amount of dipyridamole in a phannaceutically acceptable vehide for topical application to sMn of human or animal 
body 

cc. A method for preventing hairloss and/or enhancing hair growtti conprising tiie topical application of a composi- 
tion consisting of dipyridamole in a pharmaceutically acceptable vehicle for topical application to skin of human or 
animal body 

dd. A prophylactic and therapeutic composition effective against acne and for oily skin and as skin deanser com- 
prising an effective amount of benzilic add in a pharmaceutically acceptable vehide for topical application to skin 
of human or animal body 

ee. A method for preventing as well as ti^eating acne or for oily skin as skin deanser comprising the topical applica- 
tion to involved skin of a composition containing an effective amount of benzilic add in a pharmaceutically accept- 
able vehide for topical application to skin of human or animal body 

ff. A method for preventing as well as treating wrinkles or skin changes associated witii aging of skin comprising 
the topical application to involved skin of a composition containing a therapeutic effective anruxint of at least one 
member selected from the group consisted of hydroxycarboxylic ackJs and related ketocart)oxylic ackJs. and ester, 
lactone or salt forms thereof. 

gg. TTie method as desaibed in ff. wherein said hydroxycartxsxylic adds and related compounds indude 2- 
Hydroxyacetic acid; 2-hydroxypropanoic acid; 2-methyl 2-hydroxypropanoic acid; 2-hydroxybutanoic add; phenyl 2- 
hydroxyacetic add; phenyl 2-methyl 2-hydroxyacetic add; 3-phenyl 2-hydroxyacetic add; 2.3-dihydroxypropanoic 
add; 2.3.4-trihydroxybutanoic add. 2.3.4,5-tetrahydroxypentanoic add. 2.3.4.5.6-pentahydroxyhexanoic acid. 2- 
hydroxydodecanoic add, 2,3,4,5,6,7-hexahydroxyheptandc add, diphenyl 2-hydroxyacetic acid; 4-hydroxynuin- 
dellc add; 4-chforomandellc ackJ; 3-hydrQxybutanoic add; 4-hydro3^butanoic add: 2-hydroxyhexanoic add: . 5- 
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hydroxydodecanoic acid. 12-hydroxydodecanoic acid, 10-hydroxydecanoic add. 16-liydrQxyhexadecanoic add, 2- 
hydroxy-3-methylbulanoic add; 2-hydroxy-4-methylpentanoic add: 3-hydroxy-4-methoxymandelic add: 4-hydroxy- 
3-methoxymandelic acid; 2-hydroxy-2-methylbulanoic acid; 3-(2-hydroxyphenyl) lactic add; 3-(4-hydroxyphenyl) 
lactic acid; hexahydromandelic acid; 3-hydroxy-3-metlTylpentanoic ackJ; 4-hydroxydecanoic add; 5-hydroxydeca- 
noic add; aleuritic acid; 2-Hydroxypropanedioic acid; 2-hydroxybutanedioic acid; erythraric acid; threaric add; ara- 
biraric add; ribaric add; xylaric acid; lyxaric acid; glucaric acid; galactaric acid; mannaric add; gularic add; allaric 
add; altraric add; idaric acid; talaric add; 2-hydroxy-2-methylbutanedioic add; 

Citric acid, isodtric add, agarldc acid, quinic acid, glucuronic acid, glucuronolactone. galacturonic acid, galac- 
turonolactone, uronic adds, urondaclones, ascortjic acid, dihydroascorbic acid, dihydroxytartaric acid, tropic 
acid, ribondactone, glucondactone, galactonolactone, gulonolactone. mannonolactone, ribonicadd. gluconic 
acid, dtramallc add; 

Pyruvic acid, hydroxypyruvic add. hydroxypyruvic acid phosphate, methyl pyruvate, ethyl pyruvate, propyl 
pyruvate, isopropyl pyruvate; phenyl pyruvic acid, methyl phenyl pyruvate, ethyl phenyl pyruvate, propyl phenyl 
pyruvate: formyl formic add, methyl formyl formate, etiiyl formyl formate, propyl formyl formate, benzoyl formic 
acid, methyl benzoyl formate, ethyl benzoyl formate, propyl benzoyl formate. 4-hydrQxybenzoyl formic add. 4- 
hydroxyphenyl pyruvic add. 2-hydroxyphenyl pyruvic add. 

hh. A prophylactic and therapeutic composition comprising an effective amount of at least one member selected 
from the group consisted of hydroxycaiboxyilc acids and related ketocarboxylic adds, and ester, lactone or salt 
forms thereof in a pharmaceutically acceptable vehide for topical treatment of skin wrinkles or skin changes asso- 
ciated with aging. 

ii. A composition as described in hh. wherein said hydroxycartx)xylic acids and related compounds include 2- 
Hydroxyacetic acid; 2-hydroxypropanoic add; 2-metiiyl 2-hydroxypropanoic acid; 2-hydroxybutanoic add; phenyl 2- 
h^oxyacetic add; phenyl 2-methyl 2-hydroxyacetic add; 3-phenyl 2-hydrQxyacetic add; 2,3<JihydrQxypropanoic 
acid; 2.3.4-trihydroxybutanoic add. 2.3.4.5-tetrahydroxypentanoic acid. 2,3.4,5.6-pentahydroxyhexanoic acid. 2- 
hydroxydodecanoic add. 2.3.4,5.6,7-hexahydroxyheptanoic acid, diphenyl 2-hydroxyacetic acid; 4-hydroxyman- 
delic acid; 4-chtoromandeIic add; 3-hydroxybutanoic acid; 4-hydroxybutanoic acid; 2-hydroxyhexanoic acid; . 5- 
hydroxydodecandc acid, 12-hydroxydodecanoic acid. 10-hydroxydecandc add. 16-hydroxyhexadecanoic add. 2- 
hydroxy-3-methylbutanolc add; 2-hydroxy-4Hmethy^)entanoic add; 3-hydroxy-4-metiioxymandelic add; 4-lTydroxy^ 
3-metiioxymandelic add; 2-hydroxy-2-metiTylbutandc add; 3-(2-hydrQxyphenyl) lactic add; 3-(4-hydroxyphenyl) 
lactic acW; hexahydromandelic add; 3-hydroxy-3-methyIpentanoic acid; 4-hydroxydecanoic add; 5-hydroxydeca- 
noic acid; aleuritic acid; 2-Hydroxypropanedioic add; 2-hydroxybutanedidc acid; erythraric acid; threaric add; ara- 
biraric acki; ribaric add; xylaric add; lyxaric acid; glucaric acid; galactaric acid; mannaric acid; gularic add; allaric 
acid; altraric add; ktarlc add; talaric acid; 2-hydroxy-2-methy)butanedioic acid; 

Citric acid, isodtric add, agarldc acid; quinic acid, glucuronic acid, glucuronolactone. galacturonic acid, galac- 
turonolactone, uronic adds, urondactones, ascorbic acid, dihydroascorbic acid, dihydroxytartaric acid, tropic 
add. ribondactone, gluconolactone. galactonolactone, gulonolactone. mannonolactone. ribonicadd. gluconic 
add, dtramaHcadd; 

Pyruvic acid, hydroxypyruvic add, hydroxypyruvic acid phosphate, their esters; methyl pyruvate, ettiyl pyru- 
vate, propyl pyruvate, isopropyl pyruvate; phenyl pyruvic acid, its esters; methyl phenyl pyruvate, ethyl phenyl 
pyruvate, propyl phenyl pyruvate; formyl formic acid, its esters; methyl formyl formate, ethyl formyl formate, pro- 
pyl formyl fomiate; benzoyl formic add. its esters; methyl benzoyl formate, ethyl benzoyl formate, propyl ben- 
zoyl formate; 4-hydroxybenzoyl formic add. its esters; 

4-hydroxyphenyl pyruvic add. its esters; 2-hydroxyphenyl pyruvic acid and its esters. 

jj. Use of a hydroxy-carboxylic add and/or related ketocarboxylic acid and/or an ester thereof according to claims 1 
and 4 to 12 for the preparation of a topical cosmetic or pharmaceutical composition with enhanced therapeutic 
effect. 

preparation of the Therapeutic Compositions 

To prepare a therapeutic composition in solution forni at least one of the aforementioned enhandng compounds of 
hydroxyacids and a cosmetic a pharmaceutical agent are dissolved in a solution which may consist of ethand. water, 
propylene glycol, acetone or otiier pharmaceutically acceptable vehicles. The concentration of hydroxyacids may range 
from 0.01 to 99 percent by wdght of the total composition. The concentration of tiie cosmetic or pharmaceutical agent 
ranges from 0.01 to 40 percent by weight of tiie total composition. 

In the preparation of a therapeutic composition in cream or ointment form at least one of hydroxyacids and one of 
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cosmetic or pharmaceutic agents are initially dissolved in a solvent such as water, ethanol. acetone, propylene glycol 
or polysofbate 80. the solution thus prepared is then mixed in a conventional manner with commonly available cream 
or ointment base such as hydrophilic ointment or petrolatum. The concentrations of hydroxyacids, cosmetic and phar- 
maceutical agents may range from 0.01 to 99 percent by weight of the total composition. 

5 Therapeutic compositions of the instant invention may also be formulated in gel. lotion, shanpoo. spray, stick or 
powder. A typical gel composition of the instant invention utilizes at least one of hydroxyacids and one of cosmetic or 
pharmaceutical agents dissolved tn a mixture of ethanol. water and propylene glycol in a volume ratio of 40:40:20, 
respectively. A gelling agent such as hydroxyethylcellulose. hydroxypropylcellulose. hydroxypropylmethylcellulose or 
ammoniated glycyrrhizinate is then added to the mixture with agitation. The preferred concentration of the gelling agent 

10 may range from 0.1 to 4 percent by weight of the total composition. 

The following are illustrative examples of formulations and compositions according to this invention. Although the 
examples utilize only selected compounds and formulations, it should be understood that the following examples are 
illustrative and not limitathra Therefore, any of the aforementioned hydroxyacids, cosmetic and pharmaceutical agents 
may be substituted according to the teachings of this Invention in the following examples. 

IS 

Example 1 

A prophylactic and therapeutic composition in solution form for age spots and for keratoses may be prepared as 
follows. 

20 Malic acid 1 gram, gluconolactone 19 grams and citric acid 0.5 gram are dissolved in a mixture of ethanol 30 ml, 
water 42 ml and glycerin 5 ml. Sodium bisulfite 0.5 g and hydroqulnone 2 grams are added with stirring until a clear 
solution is obtained. The hydroxyackis. malic acki. gluconolactone and citrk; acU have been added a) as antioxklants 
to help stabilize the hydroqulnone in the composition b) to enhance the penetration and the efftoacy of hydroquinone c) 
to normalize the disturt>ed keratinization in age spot and keratoses. 

25 The composition thus fbnnulated contains 2% hydroquinone, 1% malic acd, 19% gluconolactone. 0.5% dtric ackl, 
and has pH 3.3 

Example 2 

30 A therapeutic composition in solution form for age spots and/or keratoses may be formulated as follows. 

Alpha hydroxylsobutyric acU (Methyllactic acki) 20 grams and dtric acid 2 grams are dissolved in a mixture of eth- 
anol 49 ml, water 20 ml and propylene glycol 7 ml. Sodium bisulfite 0.5 g arxJ hydroquinone 2 grams are added with 
stinring until a clear solution is obtained. The composition thus fbrmulated contains 2% hydroquinone, 2% dtric add. 
20% methyllactic add. and has pH 3.6. 

35 

Example 3 

A prophylactic and therapeutic composition containing minoxidil and lactic ackJ for hair growth and for prevention of 
hair loss on the scalp may be formulated as follows. 
40 MinoxkJil 2 grams and lactic acki 3 ml are dissolved in a mixture of ethanol 80 ml and propylene glycol 15 ml witii 
stinring until a clear solution Is obtained. The composition thus fbrmulated contains 2% minoxUil. 3% lactic add, and 
has pH 4.7. The lactic acki has been added to help ntinoxklil dissolved into solution, to enhance the penetration and the 
efficacy of minoxidil for hair growth. 

45. Example 4 

A prophylactic and therapeutic conposition in solution form fa hair growtii on the scalp may be fbrmulated as fol- 
lows. 

Minoxidil 2 grams and ethyl pyruvate 2 ml are dissolved in a mixture of ethanol 80 ml and propylene glycol 16 ml. 
so The composition ttius formulated contains 2% minoxidil, 2% ethyl pyruvate, and has pH 5.0. The ketoadd ester, ethyl 
pyruvate has been added to enhance the penetration and the efficacy of minoxicfil for hair growtii on the scalp. 

Examples 

55 A therapeutic composition containing anthralin and hydroxyacki for psoriasis may be fbrmulated as follows. 

Anthralin powder 0.5 gram and alpha hydroxylsobutyric acid 4 grams are dissolved In a mixture of ethanol 50 ml. 
acetone 30 nrd and dHsopropyl adipate 16 ml witii stirring until a clear yellowish solution is obtained. The composition 
thus fbrmulated contains 0.5% anthralin, 4% alpha hydroxyisobutyric acki. and has pH 4.2. The hydroxyacki has been 
added to enhance the penetration and the efficacy of anthralin for psoriasis. 
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Example 6 

A therapeutic composition containing thioniootinamide and hydroxyacid for psoriasis, keratoses and warts may be 
formulated as follows. 

5 Thionicotinamide 2 grams and lactic acid 20 ml are dissolved in a mixture of ethanol 40 ml, water 30 ml and pro- 
pylene glycol 8 ml with stirring until a dear yellowish solution is obtained. The composition thus formulated contains 2% 
thionicotinamide. 20% lactic add. and has pH 3.3. The lactic add has been added to enhance the penetration and the 
efficacy of thionicotinamide. and also to normalize the disturbed keratinization in psoriasis, keratoses and warts. 

10 Example? 

A therapeutic composition containing 6-aminonicotinamide and hydroxyacid for psoriasis, keratoses and warts may 
be formulated as follows. 

6-Aminonicotinamide 1 gram and glycdic acid 19 grams are dissolved in a mixture of ethanol 40 ml, water 32 ml 
IS and propylene glycol 8 ml with stirring until a dear solution is obtained. The composition thus formulated contains 1% 
6-aminonicotinamide. 19% glycolic add, and has pH 3.0. The glycolic acid has been added to enhance the penetration 
and the efficacy of 6-Aminonicotinamide, and also to normalize the disturbed keratinization in psoriasis, keratoses and 
warts. 

20 ExarTiple8 

A therapeutic composition containing clotrimazole and hydroxyacid for fungal Infection may be formulated as fol- 
lows. 

Clotrimazole 1 gram and lactic add 4 ml are dissolved in 4 ml of ethanol. and the solution thus obtained is mixed 
25 with 91 grams of hydrophllic ointment USP. The mixing is continued until a uniform consistency is obtained. The com- 
position thus formulated contains 1% clotrimazole, 4% lactic acid, and has pH 3.2. The lactic acid has been added to 
enhance the penetration and the efficacy of clotrimazole for athlete's foot, and also to speed up healing and normalize 
the disturbed keratinization. 

30 Example 9 

A prophylactic and therapeutic composition containing chlortiexidine and hydroxyacid as general antiseptics on 
skin, and for prophylactic and tiierapeutic treatment of acne may be formulated as follows. Chlorhexidine diacetate 1 
gram and benzilic add 5 grams are dissolved in a mixture of ethanol 70 ml, water 10 ml and propylene glycol 14 ml with 
35 Stirring until a clear solution Is obtained. The composition thus fomnulated contains 1% chlorhexidine, S% benzilic add. 
and has pH 4.4. Benzilic acid has been added to enhance the antibacterial effect of chlorhexkJine, to eliminate the oili- 
ness of tiie skin, and to improve the acne lesions. 

Example 10 

A prophylactic and therapeutic composition containing benzilic acM as tiie only active ingredient for oily skin, acne, 
skin cleansing and skin malodor may be formulated as follows. 

Benzilic acid 7 grams is dissolved in a mixture of ethanol 60 ml. water 20 ml and propylene glycol 13 ml with stirring 
until a dear solution is obtained. The composition thus prepared contains 7% benzilic add. and has pH 3.0. 

Example 11 

A therapeutic composition containing tropic add as tiie only active ingredient for severe dry skin may be fomnulated 
as fdlows. 

50 Tropic acid 10 grams is dissolved in 20 ml of ethanol. and the solution thus obtained Is mixed with 70 grams of 
hydrophiiic ointment USP. The mixing is continued until a uniform consistency is obtained. The composition thus formu- 
lated contains 10% tropic acid as an active ingredient, and has pH 3.7. 

Example 12 

55 

A prophylactic and tiierapeutic composition containing ribonolactone as the only active ingredient for oily skin, acne 
and skin deansing may be formulated as follows. 

Ribonolactone 4 grams is dissolved in a mixture of ethanol 36 ml and water 60 ml with stimng until a dear solution 
is obtained. The composition thus prepared contains 4% ribonolactone as an active Ingredient and has pH 3.8. 
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Example 13 

A therapeutic composition containing hydrocortisone and tropic acid for inf lammatay and/or pruritic skin disorders 
may be formulated as follows. 

5 Hydrocortisone 0.5 gram and tropic acid 5 grams are dissolved in 10 ml of ethanol and 4 ml of acetone, and the 
solution thus obtained is mixed with 80 grams of hydrophilic cintment USR The mixing is continued until a unifonn con- 
sistency is obtained. The composition thus formulated contains 0.5% hydrocortisone and 5% tropic acid as active ingre* 
dients. and has pH 3.4. The tropic add has been added to enhance the penetration and the efficacy of hydrocortisone 
and also to normalize the disturbed keratinizatioa 

10 

Example 14 

A therapeutic conposition contairang triamdnolone acetonide euid benzilic acid for eczema, psoriasis and other 
inflammatory and pruritic skin disorders may be formulated as follows. 
IS Triamcinolone acetonide 0. 1 gram and benzilic acid 5 grams are dissolved in 1 0 ml of ethanol. and the solution thus 
obtained is mixed witii 85 grams of hydrophilic ointment USR The mixing is continued until a uniform consistency is 
obtained. The composition thus formulated contains 0.1% triamdnolone acetonide, 5% benzilic acid, and has pH 3.4. 
The benzilic add has been added to enhance the penetration and the efficacy of triamdnolone acetonide. and also to 
normalize the disturbed keratinization in eczema, psoriasis and other inflammatory skin disorders. 

20 

Example 15 

A prophylactic and tiierapeutic composition containing dipyridamole and lactic acid for hair growtii and for preven- 
tion of hair loss on the scalp may be fomiulated as follows. 
25 Dipyridamole 2 grams and lactic add 4 ml are dissolved in a mixture of etiianoi 80 ml and propylene glycol 14 ml 
witii stirring until a dear yellowish solution Is obtained. The composition thus formulated contains 2% dipyrkJamole. 4% 
tactic add, and has pH 4.4. The lactic acid has been added to help dipyridanx>le dissolved into solution, to enhance the 
penetration and tiie efficacy of dipyridamole for hair growth and for preventing hair loss. 

30 Example 16 

A therapeutic composition containing dobetasol propionate and agaridc add for eczema, psoriasis and other 
inflammatory and pruritic skin disorders may be formulated as follows. 

Agaricic acid fine powder 2 grams and 98 grams of dobetasol propionate cream are mixed until a uniform consist- 
3S ency is obtained, the composition tiius formulated contains approximately 0.05% dobetasol propionate, 2% agaridc 
acid, and has pH 4.3. The agaridc add has been added to enhance the penetration and the efficacy of ddbetasol pro- 
pionate, and also to normalize the disturbed keratinization in eczema, psoriasis and other inflanvnatory skin disorders. 

Example 17 

40 

Atiierapeutic composition containing betamethasone dipropfonate and benzilic add for eczema, psoriasis, contact 
dermatitis and other inflammatory and pruritic skin disorders may be formulated as fdlows. 

Benzilic add powder 5 grams and 95 grams of betametiiasone dipropionate ointment are mixed until a uniform con- 
sistency is obtained, the composition thus formulated contains approximately 0.05% betametiiasone dipropionate and 
45 5% benzilic add. The benzilic ackJ has been added to enhance the penetration and the efficacy of betametiiasone 
dipropionate. arid also to normalize the disturt>ed keratinization In eczema, psoriasis and other inflammatory skin dis- 
orders. 

Example 18 

so 

A prophylactic and therapeutic composition containing aloe, malic add and gluconolactone for oily skin and acne 
may be fomiulated as follows. 

Aloe powder 200 foki 0.2 gram and ammoniated glycyn^hizinate 2 grams are mixed with water 61 ml and propylene 
glycol 2 ml. The mixture is heated to 50" C until the aloe powder and the ammoniated glycyrriiizinate are completely 
55 dissolved. Ethanol 10 ml is added to the solution followed by tfie addition of partially neutralized malic add stock solu- 
tion 3 ml and glucondactone stock solution 22 ml with stim'ng. The warm solution is poured into container jars before 
cooling. The gel composition thus formulated contains 40% aloe, 1% malic add, 9% gluconolactone. and has pH 4.0. 
Malic add and gluconolactone have been added to enhance ttie skin softness and smoothness by aloe, and also to nor- 
malize any disturbed keratinization of the sWn. 
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Example 19 

A sun saeen conrposition containing Octyl dimethyl PABA, dioxybenzone and lactic acid may be formulated as fol- 
lows. Octyl dimethyl PABA 5 grams, dioxybenzone 3 grams and lactic acid 2 ml are dissolved in a mixture of ethanol 65 
5 ml. water 10 ml and propylene glycol 15 ml with stirring until a clear solution is obtained. The composition thus formu- 
lated contains 5% octyl dimethyl PABA, 3% dioxybenzone. 2% lactic acid, and has pH 3.6. The lactic add has been 
added to substantiate the absorption of sunscreen agents, octyl dimethyl PABA and dioxybenzone, and to enhance the 
sun screen effect. 

10 Example 20 

A prophylactic and therapeutic conposition containing tetracycline and glycolic add for oily sWn and-acne may be 
formulated as follows. 

Tetracydine 3 grams and glycolic acid 5 grams are dissolved in a mixture of ethanol 40 ml. water 40 ml and propyl- 
15 ene glycol 12 ml with stirring until the tetracydine and glycolic acid are completely dissolved. The coniposition thus for- 
mulated contains 3% tetracydine. 5% glycolic acid, and has pH 3.4. The glycolic acid has been added to help 
tetracydine dissolved into the solution, to enhance the penetration and the efficacy of tetracycline, and to normalize the 
disturbed keratinlzation in acne. 

20 Example 21 

A therapeutic composition containing griseofulvin and methyl pyruvate for fungal infection of nails may be formu- 
lated at follows. 

Griseofulvin 1 gram and methyl pyruvate 2 ml are dissdved in a mixture of 2iDyrrolidone 20 ml. PEG-400 47 ml and 
25 ethanol 30 ml with stirring until the griseofulvin is completely dissolved. The composition thus formulated contains 1% 
griseofulvin. 2% methyl pyruvate, and has pH 4.4. The methyl pyruvate has been added to help griseofulvin dissolve 
into the solution, to enhance the penetration and the efficacy of griseofulvin, and to normalize the disturbed keratiniza- 
tion In nails. 

30 Example 22 

A therapeutic composition containing lidocaine and atrolactic add for pruritic skin may be formulated as follows. 
Udocaine 2 grams and atrolactic add hemihydrate 3 grams are dissolved in a mixture of ethanol 40 ml, water 40 
ml and propylene glycol 15 ml with stirring until the lidocaine and atrolactic acid are completely dissolved. The compo- 
35 sitfon thus fbmiulated contains 2% ridocaine. 3% atrolactic add, and has pH 4.6. The atrolactic add has been added to 
help lidocaine dissolved and stabilized in the solution and to enhance the efficacy of Iklocaine for pruritic skin. 

Exanrple23 

40 A prophylactic and therapeutic conposition containing retinoic add and ethyl pyruvate for oily skin and acne may 
be formulated as follows. 

Retinoic acid, all-trans 0.1 gram and ethyl pyruvate 2 ml are dissolved in a mixture of ethanol 80 ml. water 10 ml 
and propylene glycd 8 ml with stimng until a yellowish sdution is obtained. The composition thus formulated contains 
0.1% vitamin A add, 2% ethyl pyruvate, and has pH 3.6. The ethyl pyruvate has been added to enhance the penetration 
45 and the efficacy of retinoic acid, and to normalize the disturbed keratinlzation In acne. 

Exanrple 24 

A prophylactic and therapeutic composition containing erythromydn and aleuritic acid for dly skin and acne may 
so be formulated as follows. 

Erythromycin 2 grams and aleuritic acid 2 grams are dissolved in a mixture of ethanol 50 ml, water 40 ml and pro- 
pylene glycol 6 ml with stirring until a dear solution Is obtained. The composition thus formulated contains 2% erythro- 
mydn, 2% aleuritic add, and has pH 5.7. The aleuritic acid has been added to help erythromydn dissolve into the 
solution, to enhance the penetration and the efficacy of erythromycin, and to normalize the disturbed keratinlzation in 
55 acne. 

Example 25 

A therapeutic conrpositioh containing P-hydroxymandelic add for dry skin may be formulated as follows. 
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P-Hydroxymandelic acid 10 grams is dissolved in 20 ml of ethanol. and the pinkish solution thus obtained is mixed 
with 70 grams of hydrophilic ointment USP with stinging until a uniform consistency is obtained. The composition thus 
formulated contains 10% P-hydroxymandelic acid as an active ingredient and has pH 3.2. P-Hydroxymandelic acid has 
been incorporated into the composition to alleviate any scaly or flaky skin, and to change the dry skin into normal 
5 snKX>th and soft skin. 

Exanple26 

A therapeutic composition containing hydroquinone and lactic acid in solution fbmn for age spots, keratoses, melas- 
mas, lentigines and other pigmented skin spots may be formulated as follows. 

Lactic acki 10 ml. hydroquinone 4 grams and sodium metabisuifite 0.6 gram are dissolved in a mixture of ethanol 
70 ml. water 10 ml and propylene glycol 6 ml with stim'ng until a clear solution is obtained. The composition thus formu- 
lated contains 4% hydroquinone. 1 0% lactic acid, and has pH 4.0. The lactic ackJ has been added to help stabilize and 
enhance the penetration and the efficacy of hydroquinone. and also to normalize the disturbed keratinization in the skin 
lesions. The composition thus formulated is packaged in felt pens for controlled delivery to skin lesions. 

Exanple 27 

A therapeutic composition containing hydroquinone and glycolic acid in solution form for age spots, keratoses, 
melasmas, lentigines and other pigmented skin spots may be formulated as follows. 

Glycolic acid 8 granr«, hydroquinone 5 grams and sodium metabisuifite 0.5 gram are dissolved in a mixture of eth- 
anol 70 ml. water 10 ml and propylene glycol 7 ml with stimng until a dear solution is obtained. The composition thus 
formulated contains 5% hydroquinone, 8% glycolic add. and has pH 3.9. The glycolic add has been added to help sta- 
bilize and enhance the penetration and the efficacy of hydroquinone, and also to norn^lize the disturbed keratinization 
in tiie skin lesions. The composition tiius prepared is packaged In felt pens for controlled delivery to skin lesions. 

Example 28 

A therapeutic composition containing hydroquinone arxJ 2-methyl 2-hydroxypropanoic acid in solution fbrm fbr age 
spots, keratoses, melasmas, lentigines and other pigmented skin spots may be formulated as follows. 

2-Metiiyl 2-hydroxypropanoic acid 12^ms. hydroquinone 4 grams and sodium bisulfite 0.3 gram are dissolved in 
a mixture of ethanol 60 ml, water 20 ml and propylene glycol 4 ml with stirring until a dear solution is obtained. The com- 
position tiius formulated contains 4% hydroquinone. 12% 2-methyl 2-hydrQxypropandc add. and has pH 4.0. The com- 
position solution is packaged in felt pens fbr controlled delivery to skin lesions. The 2-methyl 2-hydroxypropanoic acid 
has been added to help stabilize and enhance the penetration and ttie efficacy of hydroquinone, and also to normalize 
the disturbed keratinization in the sMn lesions. 

Example 29 

40 A composition containing hydroquinone alone in solution form for age spots and keratoses studies may be formu- 
lated as follows. 

Hydroquinone 5 grams and sodium metal bisulfite 0.5 gram are dissdved in a mixture of ethanol 70 ml. water 15 
ml and propylene glycol 10 ml with stirring until a clear solution is obtained. The composition thus prepared contains 
5% hydroquinone and has pH 6.0. The composition solution is packaged in felt pens fbr comparative studies; with or 
45 without hydroxyadds on age spots and keratoses. 

TEST RESULTS 

In Older to determine whether addition of a hydroxyadd in the composition could enhance the tiierapeutic action of 
so a cosmetic or pharmaceutical agent a total of more than 55 volunteers and patients having different skin disorders par- 
ticipated in these studies. Each partidpating sibject was given two preparations; i.e. with or without the addition of a 
hydroxyacid in the therapeutic composition. 

Topical applications were carried out eittier by bilateral or sequential comparison. In bilateral comparison the sub- 
ject was instructed to apply one preparation on one side of the body and the other one on the other side of the body. 
55 For psoriasis, eczema, seva-e dry skin, athlete's foot, etc., where both sides were involved, the subject was instructed 
to apply two to three times daily one medication on one side of the body for a period of up to several months of time. In 
the pulse treatment for psoriasis or otiier inflammatory diseases the medication was applied only once every three days 
or twice a week. The medication was discontinued whenever a total remission of the lesions occurred prior to the test 
period of up to several months. 
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For the scalp or face involvement such as in dandruff, oily skin, acne and seborrheic dermatitis the subject was 
Instmcted to apply two to three time daily one medication on one side of the scalp or the face and the other medication 
on the other side of the scalp or the face for a period of up to 12 weeks of time. For age spots, keratoses or vvarts the 
medication was continued for up to 4 months of time. 

Sequential administrations of medications were carried out whenever the bilateral comparison was difficult, for 
exanple in pruritic conditions the su^ecl was instmcted to apply four time daily or as often as necessary one medica- 
tion on the pruritic lesions for two days, then switched to the other medication on the same lesions for another two days, 
thus to corrpare which medication was more effective in relieving the itching. 

I.Drysldn. 

Human subjects having ordinary dry skin or with moderate degrees of dry sWn as evidenced by dry, flaking and 
cracking of the skin were instructed to apply topically the lotion, cream or ointment containing 3 to 7 percent of hydroxy- 
acids of the instant invention on the affected sWn areas. Topical application, two to three times daily, was continued for 
twwo to three weeks. In all the nine subjects tested, the feeling of the skin dryness disappeared within a week of topical 
application. The rough and aacked skin became less pronounced and the skin appeared normal and felt smooth after 
1 0 days of topical treatment. 

The ordinary dry sWn conditions once restored to normal appearing sWn remained improved for some time until 
causes of dry sWn, such as low humidity, cold weather, excessive contact pressure, detergents, soaps, solvents, chem- 
icals, eta, again caused recurrence of the dry sWn condition. On continued use it was also found that twice daily topical 
application of a conpos'ifion containing one or more hydroxyacids of instant invention prevented the development of 
new dry sWn lesions. . ^ 

In severe dry skin the sWn lesions are different from the above. The involved sWn is hyperplastic, fissured and has 
thick adherent scales. The degree of thickening is such that lesions are palpably and visually elevated. The thickened 
adherent scales cause the surface of involved skin to be markedly rough and uneven. The two attributes of thickness 
and texture can be quantified to allow objective measurement of degree of improvement from topically applied thera- 
peutic test n^terials as foltows: 





DEGREE OF IMPROVEMENT 






None(0) 


Mild (1+) 


Moderate (2+) 


Substantial (3-I-) 


Complete {A^) 


THICKNESS 


Highly elevated 


Detectable reduc- 
tion 


Readily apparent 
reduction 


Barely elevated 


Normal thickness 


TEXTURE 


Visibly rough 


Palpably rough 


Uneven but not 
rough 


Slightly uneven 


Vteibly and palpa- 
bly smooth 



By means off such parameters degrees off change in lesfons can be numerically noted and comparisons made off 
one treated site to another. . . 

In order to es^luate the hydroxyacids and their related compounds of the instant invention a total off six patents with 
severe dry skin condrtions or ichthyosis were treated with the compositions containing 7 to 1S% off hydroxyacids as 
desaibed in the Examples. ^ .u. 

Treated areas were off a size convenient for topical applications. i.e., circles 5 cm in diameter demarcated with a 
plastic ring of that size inked on a stamp pad. The medicinal creams or ointments were topically applied by the patient 
in an amount sufficient to cover the treatment sites. Applications were made three time daily and without occlusive 
dressings. Applications were discontinued at any time when resolution of tiie lesion on the treatment area was dinfoally 
judged to be complete. 

The test results on patients with severe dry skin are summarized on the following tabia 
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Topical Effectiveness of Hydroxyacids on Severe Dry Sldn 


5 


Compounds 


Number of Patients 


Therapeutic Effective- 
ness 




1. Tropic add 


4 


4f 




2. Benzilicacid 


5 


4+ 


10 


3. Ribondactone 


3 


^ 




4. 4-HydrQxymandelic acid 


2 


3+ 




5. 3-Chloro 4-hydroxymandelic acid 


2 


3+ 




6. 3.4-Dihydroxymandelic acid 


2 


3^ 



1$ 



2. Psoriasis 

20 

The involved skin in psoriasis is hyperplastic (thickened), erythematous (red or inflamed), and has thick adherent 
scales, the degree of thickening is such that lesions are elevated up to 1 mm above the surfece of adjacent normal skin; 
erythema is usually an Intense red: the thickened adherent scales cause the surface of involved skin to be markedly 
rough and uneven. These three attributes of thickness, color arid texture can be quantified to allow objective measure- 
rs ment of degree of improvement from topically applied therapeutic test materials as fbitows. 







DEGREE OF IIVIPROVEMENT 


30 




rtene(O) 


MikJ(U) 


Moderate ( 24-) 


Substantial ( 3-I-) 


Confpl6te(4+) 




Thickness 


Highly elevated 


Detectable reduc- 
tion 


Readily apparent 


Barely elevated 


Normal thickness 


35 


Texture 


Visibly rough 


Palpably rough 


Uneven but not 
rough 


Slightiy uneven 


Visibly and palpably 
smooth 


CJolor 


Intense red 


Red 


Dark Pink 


Ughtpink 


Normal skin odor 



40 By means of such parameters degree of improvements in psoriatic lesions can be numerically recorded and com* 
parlsons made of one treated site to another. The treatment schedule was quite different from the previously described 
in that the present study was employing a "Pulse Treatinent." Instead of several times daily application the therapeutic 
composition of antipsoriatic agent with or without a hydroxyacid in solution form was topically applied to the involved 
skin only once in every three days or twice a week. The test results on patients having psoriasis are summarized on the 

45 following table. 



so 



ss 
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Topical Effects on Psoriasis of Antipsoriatic Agents With or without Hydroxyadds 


Compositions 


Number of Patients 


Therapeutic Effective- 
ness 


Thionicotinamide 3% alone 


6 


2+ 


with 10% Lactic add 


6 


4+ 


with S%Glycdic add 


4 


4+ 


with 5% 2-methyl 2-hydroxypropanoic add 


3 


4+ 


6-Aminonlootinamide 1% alone 


5 


3+ 


with 10% lactic add 


5 


4+ 


with 10%Glycolic add 


4 


4+ 


Betamethasone dipropionate 0.05% ointment alone 


5 


3+ 


witn a% penziiic acio 


A 
"t 


4+ 


with 5% Tropic add 


3 


4+ 


with S% 2-Methyl 2-Hydroxypropanoic acid 


3 


4+ 


Clobetasol propionate 0.0S% cream alone 


4 


2+ 


with 5% Benzilic acid 


3 


3-1- 


with 5% Tropic add 


2 


3-1- 


with 5% 2>Methyl 2-hydroxypropanoic acid 


3 


3+ 



In a topical treatment of eczema patients, betamethasone dipropionate or dobetasol propionate alone at 0.05% 
would achieve only a 3+ improvement on all the eczema patients tested. As shown by the table with the additional of 
5% gluconolactone or ribondactone betamethasone dipro^onate or dobetasol propionate could attain a 4+ maximal 
dearing on all the eczema patients tested. 



Topical Effects on Eczema of Corticosteroids With and Without Hydroxyacid Lactone 


Composition 


Number of Patients 


Therapeutic Effective- 
ness 


Betamethasone dipropionate 0.05% alone 


3 


3+ 


with 5% Gluconolactone 


3 


4+ 


with 5% Ribonolactone 


2 


4+ 


Clobetasol propionate 0.05% alone 


4 


3+ 


with 5% Gluconolactone 


4 


4+ 


with 5% Ribondactone 


3 


4+ 



3. Age Spots. Wrinkles, Keratoses and Pigmented Skin lesions. 

Therapeutic compositions packaged in felt pens as desaibed in Examples were provided to 14 patients for treat- 
ment of age spots, wrinkles, keratoses and other pigmented skin spots. Each participating patient received two felt 
pens; i.e. with or without the addition of hydroxyacid to the composition containing hydroquinone. The patients were 
instructed to apply topically one medication on one side of the body such as on the back of the left hand and the other 
medication on the other skJe of the body such as on the back of the right hand. Specific instructions were given to the 
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patients that the medications were applied twice daily and discretely only to the skin lesions of age spots, wrinkles, ker- 
atoses, melasmas, lentigines or other pigmented skin spots. 

Within one to three weete, improvement of age spots and keratoses was clinically discernible. After one to three 
months substantial eradication of age spots, wrinkles and keratoses occurred in all the patients tested. Complete erad- 
s ication of age spots usually occurred within two to four months of topical administration in most cases. Therapeutic com- 
positions containing higher concentrations of hydroxyacids (10 to 20%) and hydroquinone (3 to 5%) were judged to be 
more efficient in eradicating age spots, wrinkles and keratoses within shorter periods of time. Without the addition of a 
hydroxyadd to the composition of hydroquinone. eradication of age spots, wrinkles or keratoses dkJ not oocur within 
four nx)nths of time. 

10 It was also found that while compositions containing hydroxyadds without hydroquinone were effective for eradica- 
tion of keratoses and wrinkles, tiie compositions were not effident in eradicating pigmented age spots, melasmas or 
lentigines within 4 montiis of time. In any case, with the addition of a hydroxyacid to the composition containing hydro- 
quinone, pigmented age spots, melasmas, lentigines and other pigmented skin spots had been substantially eradi- 
. cated. 

75 

4. Acne. 

Therapeutic compositions containing tetracydine, erythromycin or chlorhexidine with or without the addition of a 
hydroxyacid were provided to 9 patients having papulopustular or pustular lesions of acne. Each participating patient 

20 received two medications, with or without ttie addition of a hydroxyacid to the composition containing an antibiotic. The 
patients were instructed to apply topically one medication on one side of the body such as the left side forehead, face, 
back or chest, and the other medication on the other side of tiie body such as right side forehead, face, back or chest. 
Twice daily administration was continued for 4 to 12 weeks. 

The degree and rate of improvement on acne lesions were clinically evaluated, and comparison was made between 

25 the two sides: one side with and tiie otiier side without a hydroxyacid in the compositions containing an antibiotic. It was 
found tiiat the degree and rate of improvement on acne lesions were substantially better on tiie side treated with a com- 
bination compositi'on containing both the hydroxyacid and tiie antibiotic as compared to tiiat of tiie antibiotic alone. The 
time for complete clearing of acne lesions treated with a combination composition varied from 4 to 12 weeks of time, 
witii an average time of 8 weeks, whereas complete clearing witti that of the antibiotic alone ranged from 8 weeks to 9 

30 montiis, witti an average of 4 months. 

5. Preventing Hair Loss And For Hair Growth. 

Prophylactic and ttierapeutic compositions containing minoxidil or dipyridamole with or without a hydroxyacid or 
35 related compound were provided to 6 human subjects having a progressive loss of hair on the scalp. Each participating 
subject received two medications; i.e. with or witiiout tiie addition of a hydroxyadd to the composition containing minox- 
idil or dipyridamole. The subjects were instructed to apply topically one medication on one side of the scalp and ttie 
other medication on the other side of the scalp. Twice daily topical applications were continued for 2 to 6 months. Clin- 
ical evaluation shows tiiat tiie combination compositions containing minoxidil or dipyridamole and a hydroxyacid or 
40 related compound were therapeutically more efficient in preventing the hair loss and enhancing hair growtii on the 
scalp. 

Therapeutic conrpositions containing clotrimazole or griseofulvin with or without the addition of a hydroxyadd were 
provided to 6 patients having recun'ent fungal infections of the foot; I.e. athlete's foot witii or without toe nail involvement. 
Each partidpating patient received two medications with or witiiout tiie addition of a hydroxyadd to ttie composition 

45 containing cloti^imazole or griseofulvin. The patients were instructed to apply topically one medication on one side of tiie 
body such as left foot, and ttie ottier medication on ttie ottier side of tiie body such as right foot. Three time daily appli- 
cations were continued for one to two weeks. When nail infections were involved the topical application was continued 
for up to 4 montiis using the compositions containing griseofulvin witti or without the addition of a hydroxyadd. 

The degree and rate of inprovement on skin lesions were clinically evaluated, and conrparison was made one side 

so of tiie body against ttie ottier. It was found ttiat the skin lesions Improved much faster witti ttie conpositions containing 
botti ttie antifungal agent and ttie hydroxyadd. The presence of hydroxyadd appeared to enhance ttie efficacy of the 
antifungal agent and also to eliminate ttie discomforts such as itching, tingling, txirning and heat due to the fungal infec- 
tion. Generally ttie infected skin healed within a week from topical application of tiie compositions containing an anti- 
fungal agent and a hydroxyacid. When toe nails were involved in tiie fungal infection ttie complete healing and regrowtti 

55 of nails usually took several monttis on continued topical application of medications containing griseofulvin and a 
hydroxyacid. 

The hydroxyadds and related compounds which may be useful as dermatologic agents for various conditions and 
disorders including age spots, keratoses, skin wrinkles etc. or as additives to enhance therapeutic effects of ottier cos- 
metic or pharmaceutical agents indude 2-Hydroxyacetic acid; 2-hydroxypropanolc add; 2-methyl 2-hydroxyprQpanoic 
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acid: 2-hydroxybutanoic acid; phenyl 2-hydroxyacetic acid; phenyl 2-methyl 2-hydroxyacetic acid; 3-phenyl 2-hydroxy- 
acetic acid; 2.3-dihyroxypropanoic acid; 2,3.4-trlhydroxybutanoic acid; 2,3.4.5.6-pentahydroxyhexanoic acid; 2-hydrox- 
ydodecanoic add; 2,3,4,5-telrahydrQxypentanoic add; 2,3,4,5,6.7-hexahydroxyheptanoic acid; diphenyl 2- 
hydroxyacetic acid; 4-hydrQxymandellc add; 4-chloromandellc acid; 3-hydroxybutanoic acid; 4-hydrQxybutanoic add; 2- 
hydroxyhexanoic acid; 5-hydraxydodecandc acid; 12-hydroxydodecanoic add; 10-hydroxydecanoic acid; 16-hydroxy- 
hexadecanoic add; 2-hydroxy-3-methylbutanoic acid; 2-hydrQxy-4-methylpentanoic acid; 3-hydroxy-4-methoxyman- 
delic add; 4-hydroxy-3-methQxymandellc add; 2-hydrQxy-2-methylbutanoic add; 3-(2-hydroxphenyi) lactic add; 3-(4- 
hydroxyphenyO lactic add; hexahydromandelic add; 3-hydraxy-3-methylpentanotc acid; 4-hydrQxydecanoic add; 5- 
hydroxydecanoic add; aleuritic add. 

2-Hydroxypropanedidc add; 2-hydrQxybutanedioic acid; erythraric acid; threaric acid; arabiraric acid; ribaric add; 
xylaric add; lyxaric acid; glucaric acid; galactaric add; mannaric acid; gularic add; allaric add; altraric acid; idaric add; 
talaric acid ; 2-hydroxy-2-methylbutanedioic add. 

Citric add, isocitric acid, agarlcic acid, quinic add, glucuronic acid, giucuronolactone, galacturonic add, galac- 
turonolactone. uronic adds, uronolactones, ascorbic add, dihydroascoitic acid, dihydroxytartaric add, tropic add. 
ribonolactone, gluoonotactone. galactonolactone, gulonolactone. niannonolactone, citrannalic acid. 

Pyruvic add, hydroxypyruvic add. hydroxypyruvic acid phosphate, their esters; methyl pyruvate, ethyl pyruvate, 
propyl pyruvate, isopropyi pyruvate; phenyl pyruvic acid, its esters; methyl phenyl pyruvate, ethyl phenyl pyruvate, pro- 
pyl phenyl pyruvate; fbrmyl fonnic acid; its esters; methyl formyl formate, ethyl formyl formate, propyl formyl formate; 
benzoyl formic add. its esters; methyl benzoyl formate, ethyl benzoyl formate and propyl benzoyl formate; 4-hydroxy- 
benzoyl formic add, its esters; 4-hydrQxyphenyl pyruvic acid, its esters; 2-hydroxyphenyl pyruvic add and its esters. 

The invention may be embodied in other specific forms without departing from the spirit or essential characteristics 
thereof. The present embodiments are therefore to be considered in all respects as illustrative and not restrictive, the 
scope of the invention being indicated by the appended daims and all changes which come within the meaning and 
equivalency of the claims are therefore intended to be embraced therein. 

Claims 

1. Use of 

- a topical derrnatologlc agent except a demiatologicagemcompridng a cortioosterdd or 
together with 

- an enhandng effective amount of at least one compound selected from the group consisting of hydroxycarbox* 
ylic acids and ketocarbcxylic adds and esters, lactones or salt forms thereof, wherein the combination of 
minoxidil and glucuronic add is excluded, and wherein further the composition must not contain reductive 
diphends together with a plant extract. 

for the preparation of a topical dermatdogic therapeutic composition with enhanced therapeutic effect for use in 
anesttiesia and In tiie treatment of wrinkles; of keratoses; of pain; of acne; of bacterial and/or viral infections; of 
burns; of dermatitis; of pruritus; of hyperkeratosis; of psoriasis; of sebontiea; of hair growtii impairments and dan- 
druff; of warts; and of antihistanvne responsive manifestations. 

2. Use of the conposition of daim 1 wherein sakJ agent is a member selected from the group consisted of: aloe; 9- 
aminoacridlne: PABAand Its esters, octyldimetfiyl PABA. chlorhexidine. acyclovir, amphotericins: benzoyl peroxide; 
clindamycin, chloramphenicol; dotrimazole, candicidin; cromolyn, dindamycin, crotamiton, coal tar; doxycydine; 
dipyridamole, dioxybenzone, diazoxide, diphenylhydantdn; ephedrine, erytiiromydn; f luorouradl. flucytosine; gen- 
tamicin, griseofulvin, gramiddin; halottiane. hydroquinone and its monomethyl and benzyl ethers; haloprogin, 
hydralazine; idoxuridine. kanamydn. ketoconazole, lidocaine. miconazole, metronidazole, minoxidii, minocycline, 
medocydine, mefronidazole. nitroglycerine, nystatin, neomycin, oxybenzone, oxytefracycllne. procaine, polymyx- 
ins, povidoneiodine, phenytoin, prazosin, retinoic add and ottier retinoids, spironolactone, sulfonamides, sulfacyto- 
sine. spectinoniyda sulfamethoxazde, sulfisoxazoles. sulfametiiizole. salicylic acid, selenium sulfide, sulfur, 
theophylline, tobramycin, tefracydine, tolnaftate, trimethoprin, froteandomydn, vitanv'ns, vancomydn and zinc 
pyrithione. 

3. Use of the composition of daim 1 or 2 wherein said hydroxycarboxylic add is hydroxymonocaitxixyiic add having 
the following chemical structural formula: 

Ri(CR20H)„(CH2)„OCX)H 
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wherein 

^1 * alM, aralkyi or aryl group of saturated or unsaturated, straight or branched chain or cyclic form, hav- 
ing 1 to 25 cartx)n atoms. . 
5 mol ,2.3.4,5,6,7.8 or 9, 

hbO or a numerical number up to 23, 

present as free acid, lactone or saK form, and as optically active or Inactive isomer such as D. U and DL forms; the 
hydrogen atom attached to the carton atom may be substituted by a nonfunctional F. CI, Br, I. or S atom or a lower 
10 alkyi or alkoxy saturated or unsaturated radical, having 1 to 9 carbon atoms. 

4. Use of the composition of daim 3 wherein said hydroxymonocarboxylic acid is a member selected from the group 
consisted of 

2-hydroxyacetic add: 2-hydroxypropanoIc acid; 2-methyl 2-hydroxypropanoic add; 2-hydroxytxitanoic add; phenyl 
1$ 2-hydroxyacetic add; phenyl 2-methyl 2-hydroxyacetic acid; 3-phenyl 2-hydroxypropanoic add; 2.3<Jihydroxypro- 
panoic add; 2.3,4-trihydroxybutanoic add; 2.3.4.5-tetrahydrQxypentandc acid; 2,3.4.5.6-pentahydroxyhexanoic 
add; 2-hydroxydodecanolc add; 2.3,4,5.6.7-hexahydroxyheptanoic acid; diphenyl 2-hydroxyacetic acid; 4-hydrox- 
ymandelic acid; 4-chloromandelic acid; 3-hydroxyk)utanoic acid; 4-hydroxybutanoic acid; 2-hydroxyhexanoic add; 
5-hydroxydodecanoic acid; 12-hydroxydodecanoic acid; 10-hydroxydecanoic add; 16-hydroxyhexadecanoic add; 
20 2-hydrbxy-3-methylbutanoic add; 2-hydroxy-4-methylpentanoic add; 3-hydroxy-4-methQxymandelic acid; 4- 
hydroxy-3-methoxymandelic add; 2-hydraxy-2-methylbutanoic add; 3-(2-hydroxyphenyl) lactic add; 3-(4-hydroxy- 
phenyl) lactic acid; hexahydromandelic acid; 3-hydroxy-3-methy!pentanoic add; 4-hydroxydecanoic add; 5-hydrox* 
ydecanoic acid; aleuritic acid. 

2S 5. Use of the composition of claim 3 wherein said lactone is an intermolecular or intramolecular lactone including lin- 
ear add polymer, ribonolactone. gluconolactone. galactondactone, gulonolactone and mannonolactone. 

6. Use of the composition of claim 1 or 2 wherein said compound is a keto or hydroxyketomonocartsoxyllc acid 
selected from the group consisting of pyruvic acid, hydroxypyruvic acid, hydroxypyruvic add phosphate, methyl 
30 pyruvate, ethyl pyruvate, propyl pyaivate,isopropyl pyruvate, phenyl pyruvic acid, methyl phenyl pyruvate, ethyl phe- 
nyl pyruvate, propyl pheriyl pyruvate; fbrmyl formic acid, methyl fbrm^ formate, ethyl formyl formate, propyl fbrmyl 
formate, benzoyl formic acid, methyl benzoyl formate, ethyl benzoyl formate, propyl benzoyl formate. 4-hydroxyben- 
zoyl formic add, 4-hydroxyphenyl pyruvic add. and 2-hydroxypheny1 pyruvic add. 

35 7. Use of the condition of daim 1 or 2 wherein said compound is a hydroxydicarboxylic add having the following 
chemical structural formula: 

(CHjjjjCOOH 
I 

(CHOH)mCOOH 



45 wherein 

m=1.2.3.4.5.6.7.8.or9. 

nsO or a numerical number up to 23. 

50 present as free add, lactone or salt form, and as optically active or inactive D, L, and meso isomer; hydrogen atom 
attached to the carbon atom may be substituted by a nonfunctional F. a. Br. I. or S atom or a lower alkyl or alkoxy 
saturated or unsaturated radical, having 1 to 9 carbon atoms. 

8. Use of the composition of daim 7 wherein said hydroxydicarboxylic acid is a member selected from the group con- 
55 sisted of 2-hydroxypropanedioic acid; 2-hydroxybutanedioic acid; erythraric acid; threaric add; arabiraric acid; rib- 

aric add; xylaric acid; lyxaric acki; glucaric acid; galactaric acid; mannaric add; gularic acid; allaric acid; altraric 
add; idaric add; talaric add; 2-hydraxy-2-methylbutanedioic add. 

9. Use of the conposition of claim 7 wherein said lactone is an intermolecular or intramolecular lactone induding sac- 
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charic acid. 1 .4-lactone. 

1 0. Use of the composition of daim 1 or 2 wherein said compound is a hydroxycartx)xylic add of having the following 
formula 

R(OH)„,(CX)OH)n. 

wherein 
m.n = 1.2,3.4.5.6,7.8 or 9. 

Rb alkyi, aralkyi or aryl group of saturated or unsaturated, straight or branched chain or cyclic form, having 1 
to 25 cartx)n atoms, 

present as free add. lactone or salt form. 

1 1 . Use of the composition of claim 1 0 wherein said add is a member selected from the group consisting of citric add. 
isocitric add. agaridc acid, quinic acid, dtramalic acid, glucuronic add. glucuronolactone, galacturonic acid, galac- 
turonolactone. uronic adds, uronoiactones, ascorbic acid, dihydroascorbic acid, dihydroxytartaric acid. 1 -hydroxy- 
1 -cyclopropanecarboxylic acid. 5-hydroxylysine, 3-hydroxy-2-aminopentanoic acid. 4-hydroxy-3-pentenoic acid. 4- 
hydroxy-2,2-diphenylbutanoic acid, and 3-hydroxy-3-methylg!utaric add and ester, lactone or salt forms thereof, 
and as an optically actve or inactive D, L, DL or meso isomer; the hydrogen atom attached to the cart>on atom may 
be substituted by a nonfunctional F. CI, Br, I or 8 atom or a lower alM or alkoxy saturated or unsaturated radical 
having 1 to 9 carbon atoms. 

12. Use of the composition of daim 10 wherein the lactone is an inter or intFanK)lecu!ar lactone. 

13. Use of the composition of daim 1 or 2 wherein said compound is selected from the group consisting of: 
citramalic acid, diphenyl 2-hydrQxyac6tic acid (benzilic acid), 2-phenyl 3-hydroxypropanoic acid (tropic acid), 
ateuritic acid, ribonic add. ribonoloactone, 2.3.4-trihydroxybutanoic acki. 2.3,4,5-tetrahydroxypentanoic add. 
2,3,4.5,6 pentahydroxyhexanolc acid. 2-hydroxylauric acid, 2,3,4.5,6.7 hexahydroxyheptanoic add, 4-hydroxyman- 
delic add. 4-chloromandelic add. 2-hydrQxy-3-methylbutanoic add, 2-hydrQxy-4-methylpentanoic acid. 3-hydrQxy- 
4-methoxymandellc add, 4-hydraxy-3-methoxymandelic add. 3-(3-hydroxyphenyO lactic add. 3-(4-hydroxyphenyl) 
lactic acid, hexahydromandelic add. 3-hydroxy-3-methylpentanoic acid, l-hydroxy-l-cydopropane carboxyiic add. 
4-hydroxybutandc acid. 2-hydrQxyhexanoic add. 5-hydroxylauric acid. 12-hydroxyiauricacid. 10-hydroxydecanoic 
acid. 16-hydroxyhexadecanoic add. 4-hydroxydecanolc add, S-hydroocydecanolc acid, and 4-hydrQxy-2,2-diphe- 
nylbutanoic add as a free acid or salt form. 

14. Use of the composition of any of daims 1 to 13 wherein the topical dermatologic agent is selected from the group 
consisting of hydroquinone and hydroquinone monoether induding menomethyl and monobenzyl ether. 

15. Use of the composition of claim 14 wherein said hydroxycarboxylic adds and ketocarix)xylic acid and esters, lac- 
tones or salt fbmris thereof Indude glycdic acid, benzilic acid, tropic acid, lactic acid, malic acid, dtric acid, isocitric 
acid, citramalic add. tartronic add. tartaric acid, gluconic add. gaiactonic add, alpha hydroxyisotuityric acid, phe- 
nyllactic acid, mandelic add. atrolactic acid, gluconolactone. galactonolactone. ribonic acid, ribonolactone. pantoic 
acid, pantolactone. pantothenic add, alpha hydroxybutyric acid, beta hydroxybutyric add. quira'c acid, pyruvic add. 
phenyl pyruvic acid, methyl pyruvate, ethyl pyruvate, ascorbic acid, benzoyl formic add, methyl benzoyl formate, 
and ethyl benzoyl fomnate. 

16. Use of the compositions as daimed in any of daims 1 to 13 for use in hair growth impairments wherein the derma- 
tologic agent Is selected from the group consisting of minoxidil or dipyridamola 

17. Use of the compositions as daimed in claim 16 wherein said hydroxycarboxylic ackl or related compound is a mem- 
ber selected from the group consisted of lactic add, giycolic acid, glucuronic acid, gluconolactone. gluconic add. 
2-methyt 2-hydroxypropanoic add. mandelic acid, tropical acid, benzilic acid, malic add. tartaric add, dtric add, 
tartronic add, pyruvic add, methyl pyruvate, ethyl pyruvate, saccharic add. isocitric acid, agaridc add, dtramalic 
acid, aleuritic add, mudc add. galaturonic acid, phenyllactic acid. benzoyHbrmic add. atrolactic acid, gaiactonic 
ackj. ascorbic add. dihydroascorbic add, pantoyllactone. gulonic add, gulonolactone, pantoic acid, ribonic add. 
ribonolactone, 3-hydroxybutandc add, 4-hydroxymandelic acid. 2-hydroxy-3-methylbutanoic acid, 3-hydroxy-4- 
methoxymandelic add. 4-hydrQxy-3-methoxymandelic add. 4-chIoromandelic acid. 2-hydroxy-4-methylpentanoic 
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add, 2-hydroxy-2-fn6thylbutanoic acid, 3-(2-hydroxyphenyt) lactic add. 3-(4-hydra}cyphenyl) lactic acid and hexahy- 
dromandelic add. 

1 8. Use of the compositions as daimed in any of daims 1 to 13 for use against acne. 

1 9. Use of an effective amount of benzilic add In a pharmaceutically acceptable vehicle for the preparation of a topical 
dermatologic agent for use in the treatment of acne. 

20. Use of at least one member selected from hydroxycartx)xylic adds and ketocartx)xylic adds, and esters, lactones, 
and salt forms thereof, for the preparation of a topical dermatologic therapeutic composition for use in the treatment 
ofwrlnMes. 

21 . Use of a topical composition containing at least one member selected from hydroseycarboxylic adds and ketocar- 
boxylic adds, and esters, lactones, and salt forms thereof, for the treatment of wrinkles. 

22. Use of any of claims 20 or 21 wherein said hydroxycartxucylic acids and related compounds indude 2-hydroxyacetic 
acid: 2-hydroxypropandc add: 2-methyt 2-hydroxypropanoic acid: 2-hydroxybutanoic acki: phenyl 2-hydrQxyacetic 
acid:.phenyl 2-m6tfiyl 2-hydroKyac6tic add: 3-phenyi 2-hydrQxyacetic ackl: 2.3-dihydroxypropanoic add: 2.3.4-tri- 
hydrorybutahoic add. 2.3.4.5-tetrahydrQxypentanoic acid. 2.3.4.5.6 • pentahydrc^cyhexanoic add. 2-hydroxydo- 
decanoic add. 2.3.4.5.6.7-hexahydroxyheptanoic acid, diphenyl 2-hydroxyacetic add: 4-hydroxymandelic add: 4- 
chloromandelic add: 3-hydroxybutanoic add: 4-hydroxybutanoic acid: 2-hydrQxyhexanoic acid: 5-hydroxydodeca- 
noicadd. 12-hydraxydodecanolcadd. 10-hydroxydecanolcacid, 16-hydroxyhexadecanoicadd, 2-hydroxy3-meth- 
ylbutanoic add: 2-hydrQxy-4-methylpentanoic add: 3-hydroxy-4-methoxymandelic add: 4-hydrQxy*3- 
methoxymandelte acid: 2-hydroxy-2-methyIbutandc acid; 3-(2-hydroxyphenyl) lactic add: 3-(4-hydroxyphenyl) lac- 
tic acid: hexahydromandelic add: 3-hydroxy-3-methylpentanoic add: 4-hydroxydecanoic acid: 5-hydroxydecanoic 
acid: aleuritic add: 2-hydroxypropanedidc acid; 2-h)drQxybutanedioic acid: erythraric add; threaric acid: arabiraric 
add: ribaric add: xylaric add: lyxaric acid: glucaric acid; galactaric acid: mannaric add: gularic acM: allaric add: 
altraric add: kJaric acid; talaric add; 2-hydroxy-2-mettiylbutanedioic add: 

citric acid, isocitric add. agaridc add. quinic acid, glucuronic acid, glucuronolactone. galacturonic acid, galac- 
turondactone. uronic adds, uronolactones. ascorbic add. dihydroascorbic add, dihydroxytartaric add. tropic add, 
ribonolactone, gluoonolactone, galactondactone, gutonolactone, mannonolactone. ribonic add, gluconic add, dt- 
ramalic add: 

pyruvic acid, hydroxypyruvic add. hydroxypyruvic acid phosphate, methyl pyruvate, ethyl pyruvate, propyl pyruvate, 
isopropyl pyruvate: phenyl pyruvic acid, methyl phenyl pyruvate, ethyl phenyl pyruvate, propyl phenyl pyruvate: 
formyl formic add. methyl formyl formate, ethyl formyl formate, propyl formyl formate, benzoyl formic ackl. mettiyl 
benzoyl formatei etiryl benzoyl formate, prop^ benzoyl formate. 4-hydroKybenzoyl formic add, 4-hydrQxyphenyl 
pyruvic add, 2-hydroxyphenyl pyruvic add 
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